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NATIONALADVISORYCOKJITTEEFOR-AERONAUTICS

TECHNICALNOTENO.363

THEBEHAVIGROF CONVENTIONALAIRPLANES

INSITUATIONSTHOUGIiTTO LEADTO MOSTCRASHES

By FredE.Weick
. .,.

summary . .

Siinple flighttestswerewideon ten_conven&l.onalairplanes

for thepurpbseOf determiningtheiract’ion’inthefollowi~two.-
situa.ti’ens,whichaiegenerallythought”to‘precedeandleadto a L-.- —_
largeproportionof airplanecrashes’:‘- “-

,,
. .,,.

1) In an attemptto stretchtheglideina forcedlandingt
6 theairpltieisstdle~’

6 2) Whiletakingbff’~’particululyif takingoff steeply,:

theenginefailsat”a’”lo~valtitude. ,“

The testsshowedthat“apresentdayconventionalairplme

willfallintoa spinwhena turnis attenptcdin a stalled. .-:
glide,if ithas sufficientlongitudinalcontrolactuallyto

stallit. Allof theairplanestestedhad satisfactorystabil-

ityandcontrolafterenginefailurein a steep“cl-imb,andit is .-
thereforeconcludedthatseriousaccidentsfollowingenginefail- ~

ure in take-”off.areprob”ablyduoeither’tostrikingthe‘ground’—. .—
whileattemptinga’turnor to fallinginto’sspinfroma stalled- <m

:* glidefollowingtheengine”f~lu.re.
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Introduction. —. =

In connectionwitha programor.researchhavingtheaimof _.

increasingthesafetyof aircraft,
-—

it becameap~-&ren”tthatthere

waslittledefiniteknowle~~eof justwhat—ordinarypresent-day
.,=

airplanesactuallytendto do in situationswhicharethoughtto
_..—

leadtomostcrashes.Theworstof-the6ecatastrophicsituations,

it seemsgenerallyagreed,are: .—

1) In an attemptto stretch.the-.glldeIn a forcedlanding,

thecontrolstickispulledallthewayback,andtheairplane

may fallintoa spinandcrash;
.

2) Intakingoff,partic~sxlyif theclimbis steep,ths

enginefailssuddenlyat a lowa,ltitude~presum~blycausin&t-he

airpl~etofalloutof controlWd crash.

Eitherof-thesesituationsisaggravatedby a turnwhich

is likelyto be attemptedin orderto attaina goodlanding

site.

Thetestsdescribedherearesimpleflighttestsmadewith

a representativerangeof airplanesto showina general.~ay
—

whatactuallyhappensundertheaboveconditions–.Although

representingeventstakingplacerelativelycloseto thegzo.u~dj

thetestsweremadeat an altitudeof 3000feet.’”Measurements

to obtaintheverticalvelocityat eachinstant,-zmdestimates

of thechangeof altitudeof theairplaneweremadeto show -

whatwouldhavehappenedhad theeventstakenplaceclosetO

thegxound.
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,
Airpline~ , . ., :

.. .

Theairplanestestedarelistedbelowalongwiththeirmain

sp,ecif,ications.

Airplane;

DoyleO-2
FleetXN2Y-1
CurtissCondor
ConsolidatedFT-1
Vervi’lleM!
Monocoupe“

VervilleAirCo&cb

C’!zrtissFalconA-3
NorthropAlpha
FairchildFC-2@

*
FairchildFC-2W2

s PairchildFC-2W2

,4

8

.. . .,., ,. .,

,, I~~.4pprox.
Gross

Engine

I

,Weight.
intest

,. ,. lJ).,.
I

LeBlond . -..
!?arner’
2 Conquerors
WrightE-2
Continental
LambertR-266

WrightJ-6-7”

CurtissD-I-2
P.&l!.Vaap
P.& w.Wtisp

P.&W.Wasp

*i’&W.Wasp

1,W(.J
1,580
13,500
2,500
2,180
3.,300

2,750’

4,3;0
4,000
3;590

4,580

5,570

ring

krea
qft<

165
194
L512
2‘@:
242
133

266

351
295
336

336

336

-

wing
Load-
ix. Type .
Ib.f
SC&~
8.CklpenPsrasolMonoplane

18.2O~enBiplane8.9CabinBiplane
8.90penBiplane
9.0OpenBiplane
9.BCahinHighWing

plane
10.3Cabin’IZighWing

plane
12.3pen’Biplane

Mono-

M6no-

13.5LowWingMonoplane
“1O.6CabinHighWingllono-

plane
13.6CabinHighWingMdno-

plane
16.6CalinHighWingMono-

plane

ThetirtissCondor,theMonoeoupe,theNorthrop,and the
. .

Vervilleairplaneswerekindlyfurnishedby themanufacturers,.
andwereflownby theirpilots. The,otherairplanestestedbe-,,.,.
longedto theGovernment,,andHereflownby theCommitteepilots.

Theairplrnesrangedin sizefrom“the60 horsepowerZ-place

Doyleto the12~0-horsepo~:er21-place(M.rtissCondor.Thewing,,. ,,.. t
los$in~srqng~dfrom8 to 16.8lb./sq.ft.,theFairchildhavi,ng,.... ,’ —
beentestedwithloadingsof 10.6,,13.6,and16.6. In cleca,nness

of aerodynamicformtheextremeswerethePT-1trqiningair-
,. .. -

plqe havi~ -anextrgmelyh,ighdrag~d a corrqsp~ndinglylow...... ,
speed,andtheNorthropAlphahavi’nga maximumspeedof 170m.p.h.
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Tests

In theglideteststhethrottleWasclosedat an altitude
.

of about3300feetandtheairplaneputinto.anormalglide.

ThecontrolstickWasthengraduallypulledbackto theliinit

of-itstravelandheldthere,a straightstalledglidebeing
.

maintainedifpossible,usingtheruddexandail~ronsifnec--

essary.Thetimerequi~edto glidefroman d.titudeof 3000
,.

0feett’o:2800feet.wasobttinedby meansof a sensitiveKolls~an

altirnetti,and& stopwatch:,Fromthistherateof-descentor

theve~tictglcomponentof ~ljevelocitywas computed;In addi-,. ,..
tion,‘theapproximateattifudeandmotionof theairplanewere

noted.

~h~

turnwas

rearposi

,. . .

testwasthenrepeatedwithth@additiontiliata medium

attempted,thecontrolstickbeingheldin thefull
+<.”.llJ.ull*

In thetestsmadeto simulatecm:imfailureduringtake- .

off,theairplanewasputintoa steepfull-throttleclimbat
,.
an altitudeof about2700fe~t,theclimbbeing-assteepas

couldreasonablybe maintained.Whenan altitudeof 3000feet

hadbeenattained,thethrottlewassuddenlyclofiedandtheair-

planewasput intoan ordinaryflatglideas”qu~cklyaspossible,

allcontrolsbeinghandledin whatthepilotconeid.eredthe

normal.manner.In allcasesthiswasto easethecontrolstick

forwardsomewhat,andthenbacktO the~ofiition-fcr-the normal

*.

—

.-

.-

Q

c“

--
.—-

.—

b-
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glide. Inorderto determine

of handlingthecontrols,two

theimportanceof theexactmethod

othermodificationsof thistest

wereperformed.Inone,as soonas thepowerhadbeenshutoff,

thecontrolstickwaspushed’haxdforwardandthenimmediately

pulledbackto thepositionforthenormalglide.-In”theother”

case,the‘stickwas-easedcompletely-backafterthepowerhad

beenshutoffand’theairplaneheldina’stalledglidefora

moment,aidthenput intoa normalglide.-,

Thetestswerealsomadewiththecontrols

whatscemed~totthepilotthenormslmanner,but

allhandledin

withtheaddi-

tionthat;.assoonas thepowerwascutoff,theairplanewas-

put intoa ftirlyshdp turn. Thissimulatedtheconditionin

which,thecn@e havingfailedjustaftertake-off,anattempt

ismadetotuxh

Ineachof

velocityof the

baokandlandon theairporti

thefoxegoingteststhealtittide’andthevertio’sl

airpltieat anyinstantwereobtainedby meansof

thesensitiveKO1lBITWIaltimeteranda bankof Sixstopwatches

(Figure1). Duringthesteepclinbthealtimwter.pointerwas

keptat the3000-footmarkby manipulatingthe’adjustingknob.

At thetimethepowerwascutoffthe.al.ti”meterthereforeread

an even3000feet,andno furtheradjustmentW+ZLSmade. Also,

at theinstantthepowerwas cutoff@.1sixstopwatcheswere

startedsimultaneously.The airplsnecontinuedto risea short
w dist~cebecauseof itsmomentum,andas itpasseddormthrough

theeven3000-footpointagain,. oneof thewatcheswas stopped.



Thereafter,onewatchwasstoppedateach50-footinterv~l,of

descent,thelastbeingat amaltitudeof 2750feet.

Foreachtestthealtitudewasplottedag”alnsttime.

Figure2 showstheresultsfortheFairchildwi~ha wingloding

of 16.6lb./”sq.ft.andnormalhandling-~f’.thec~ntrols.The

curveshowsthattheairplaneroseabout30 feetafterthepower

was cutoff,and.took5.2secondstag<%,dovmto’ thesamealti-

tude. Theverticalvelocityisshownby thesltipeof thecurve,

themaxi~mumvaluein thiscasebeing20 feetpersecondand

occurringafteran altitudeloss.of20 or 30 fe=t. In itsfinal

normal.glidetheairplane‘nada vertic~velocityof 1.3feetper

second,whichwasattainedonlyafteran altitudeIossof about

100 feet~ ... ,L_.,. -..,

Similarcurves, forallfour.methodsof-handlingthecontrols‘-

aregivenforthe sameaixplaneandloadingin F“igure2. The”

vertical.veloc”ityattainedin-thecaseI“ntvhicha turnismadeis

of no particularsignificanceforit dependsto ti.lar,geextenton”

theangleofbank.andtheshaxpnessof thetur?.i~:“ ,

In additiontothealtitudeandti~edata,~bservationswere

madeof theattitudeo“f.theairplane-at”bathpoi~tandof the”

deviation,.if any,from“astraightpath. -----.

Theattitudevalues,whichwereobtiainedby–sightingagainst

thehorizon,aretho.u~htto ke correct”within5°~ TheKollsmn

altimeterisverysensitive,havinga scalewith.divisionsof

10 feet, andhaspracticallyno l“ag, As theoltitudechanges,
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however,thehandhas a somewhat‘irregularmotionwhichcausesa

slighterzor. Theresultsare.also.affectedby theinfluenceof

the-airflowon thestaticpressureinthe cockpitor cabin,but

thisis thoughtto havebeenreasonablyconstantthroughoutthe

testfroathetimethatthecn--i~bwasthrottled.Everythingcon-

sidered~”the”vertical‘velocities.are-thoughttobe correctwithin‘

1 or 2 feetper secon& ‘ . .

Results

Theresultsof allof thetestsaretabulatedbelowin the

orderof thewinglorfiings.

●

Airplane“
$

..

DoyleO-2
l?leetXN2Y-1
OutissCondor
ConsolidatedPT-1
VervilleAT
Monocoupe
VervilleAirCoacl
F~rchildIT!-2W2
OurtissFalconA-:
NorthropAlpha
FairchildFC-2W2
FairchildFD-2W2

●

☛

Wing “~Stalled’C
~oading,~Straight,
lb./lMax.Vert,
Sq.ft.Velocity,

ft./see.

8,0 24
8.2 24
8,9 10
8.9 I 24
9.0 I 16
9,8 --
10+3 Spin
10.6 19
X2.3 15
13.5 17
13.6 20
16.6 23

=S Powe&-OutinSteepClim%
TurnlMax.VerticalVelocity,!Altitude

I ft
Normal
Ontrol
1

Spin16
Spin11
O.K.15
O.K. 20
O.K.22
Spin 9
Spin12
Spin14
O.K.20
Spin23
Spin19
Spin’20,

b2
stick
Karol
For-
ward
17
10
19
25
15
--
9
9
18
--
11
16——

+
25 O.K.
12 O.K.
37 O.K.
12 O.K.
37 O.K.
12 O.K.
13 O.K.
30 O.K.
24 O.K.
25 O.K.
28 O.K.

Lossto
Normal
Glide,
ft●

o
0
0

150
50
0
0
50
100
0
75
100
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Stalledglidetests.-Thethirdcolumnintheabovetable

showstheverticalvelocitiesattainedin thestraightglides

withthecontrolstickfullbackandthe’stabilizer,if adjust-

able,setat themaximmnegativeangle.:It-isnoteworthythat

,

-...
●

in everycaseexceptonethe.,
straightglidewith.thefull,.
use,althoughin somecases,-

.—

airplanescoqldbeheldin a .-

al.railableIongitudi–nalcontrolin

considerableskillin theuseof the

aileronsandrudde~wasrequiredof thepilot. &venin theone
,.m

caseinwhichonewingMopped‘andtheairplanestartedinto

spin,it isquitelikely,thatwitha littlepracticea straight

glidecouldhavebeenmaintained. ,.--- 3

Theverticalvelocities~f thedifferentairplanesinthe,,, —...’ ●

stalledglides””varied,fron“lO:T,$O’24 feei-’perse’@id.One}tioul~ ‘~. ...’ ,,.. ,.
expectan increasein:,thever~,jcalvelocitywitihan increasein t

,,.’., .
wingloading,andthi&‘expecta~ion;issubstantiatedby theve-

locitiesobfhinedwii;h”~h.c.?&i’r&iildt-estedwiththreedifferent. .

loadings.Considerationof”thetestson thevariousairplanes.,.
,,

shows,however,,that-the,vertic?al,velocitiesdonot fzCllin the”
,,

“Yor;someof.themostlightlyloadedorderof thewi.ngloading’s,,.
havethehi&&st ratesof descent.

,.
Thevertical--velocitydepends

also~n theajngleofglide,Wlnic”liis in $urndetermifiedby the,.
ratioof liftto dragof theairplaneat theangleof attack —

attained.TheL/Ddecreasesrapidlywithincreaseof--theangle
*.

of attackatthehighvaluesattainedwiththeltingitu~nsl

controlsfullydeflected,andthe steepnessof theglideandthe $
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verticalvelocitythereforedependIarge>yon themaximumangle ..
of attackatwhich,thelongitudinalcontrolcanforcethea,ir-

planetoglide.

As shown,inthefourthcolumnof thetableof results,“of

thetenconventionalairplanestestedsixwentintospinswhen

a turnwasattemptedin a stalledglide,whilefourcouldbe

turnedsatisfactorilyandkeptundercompletecontrol,although,

of cour~ejtheeffectof theaileronswas ratherweakand

sluggish.It isparticularlyinterestingthat{hTeeof these

airplaneswhichwouldturnsatisfactorilywithoutspinninghad

thelowestverticalvelocitiesmeasured,indicatingthatthese

airplanesprobablydidno’t.havesufficientstabilizerandele-
●

vatorcontroltogetthemup to ashighan angleof attackas

B the.
The

but

others,agdthatthereforetheywerenot actuallystalled.w
fourthairplane,thePT-1,whichwouldturnsatisfactorily

hada highverticalvelocity,wasa trainingairplane

havingan extremelyhighdrag,sothatverylikelyitsL/DZatio

waslowenoughto givea steepglideeventhoughtheangleof

attackwasnotabovethatformaximumlift.

Fromthisanalysisit is app~entthatwithpresentday

conventionalairplanesthedangerof accidentallyfallinginto

a spinfroma stalledglidedependson the

controlavailable.Witha largeamountof.
M

is probable-that,anyconventionalairplane

maximumlongitudinal

controlavailable,it
.- ,“

willfallintoa spin

4 ifa slightturnis attemptedduringa glidewiththecontrol
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stickfullyb“ackandthestabilizersetin thefulltail-heavy

position.On theotherhand,apparentlyitiispOsBible,

althoughno dbubtwithpresentknowledgeexce-~dinglydifficqdt, —
soto balancethe conditionsthatthe-longitudinalcontrolis -..
sufficiently”powerfttlto be satisfactoryin allconditionsof

flightandlancling~a.nd~til-l”is”&ol~mitedt~titthe-airplane– “—

csnnotbeput intoa spinwithout.the.aidof power. In fact

oneof theairplanestested”,‘theVcrvilleAT,fulfillsthese
.;—,

conditions. ..__-

~ngine-1?ai.1-irein take-of,f.-In&he testqrepresan.ting r.

enginefailureIn take-off,alltheai-zplmes-lmdledvery “
—

sati~fac$orilybothinrespectto conjroland=i.nrespectto <.

stability.Tkeyall”lmdattitudeswiththeno-ses pointed20°
t

to 30°’abovethehorizbnt~in thesteepc-lifib.
--.

In everycase,

regardlessof thermrmerinwhichtkecoriirols-werehandled,

thenoseswungdownto an approximatelyhorizontalposition .:

immediatelyafterthepowerVKW cutoff,
-—.-.

“Mbst-ofthemcould” .

be put intoa normalflat---glidefromwhicha satisfactory
4

landingcouldbe ma~e:bythetimetheyhadlosttheirupward

monentmandret?uned.to thealtitudelevelat whichthepolti+”r
—--

hadbeencutoffi Intheworstcase,whichwaswiththePT-”lJ
.–4
--

(havinga relativelylightwinglo@ing but rm--exceptionally - ~

highdrag),a vertical,distanceof150feet&.slostbeforethe ,<

verticalvelocitywasr“educedtothat’”bfa n-or~alglide. In ~,

every.case, .however, thevecti-calvelmiti~sand-theattituda ‘:
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of theairplaneswere“&chthatQ landingcouldhavebeenmade
,.

at my pdint&th relativesafety”tot’he”occuptits.In the
..

worstcasesit seemslikely’that,i“ftheairplanewerenot -
..

turnedand”h~da clearspdton’~iiich”’to-land,a hardbutflat
,,.

landingwouldOCCUZ,r“e~ulti’ng‘ititli”e_’fail~e”of”theimding’ “’
,.

gearand~ossiblyof other‘p:arts,of“thestructure,“butwith ““”
.. ... ... ...,

no gr”eatdangeito theodcupants.‘“‘:’”“““’-“
..:...

,.
Insoneof the’eases”it;i;asfoun’d”’that;”~ushirigthecontrol

. .. . .
stickfully’~or~$axd”sudd~nly,

-,
“’andthen‘iriiiedia.telypullingit

backto thepositiori’fdr-”anormalglid~iesultedin’a somewhat
,..

‘lowerrate:of descent.th~the“gentle~”no”rmalopers.tfo’”n.In

● othercases,however,thisimmetiiate+yput theairplaneinto...
a steeper

3
Even

afterthe

divethan.wasnecessuy.
..

whe’nthecont~ol“st~c”k’wti’spulle”dallth6way”’hick

p~werwascutoff,none’’of.theairplanesdidanythi@
,. . . . .

whichseenedp~ticularlyd~gerousexceptthathigherratesof

descentwere‘~ttai.nedthanwhen”the”ccjntr”ols’were’handled.in
,,

whatwasconsideredthenormalmanhe”r.
,, ,.

Allof theairplanes’couldbe”s“atisf’tictoiilyput intoa “’
,., . ,,

turnimmwli.atelyafterthepowerWascutoff,thecontrolsbeing
..

handlednormally.;Thissimu~atedthe”conditioninwhichthe

engine-failsjustafterthet~.e-off,andthepilotattemptsto

turnbackandlandon thefield.+ Iiithisconnectionit should’

be keptinmindthatdtho~~htheairplanestestedcouldallbe
●

put intoa turn’immedia.tely.”after’the cn:inefailed,andcould,
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be controlledquitesatisfactorily,no turnin a glidewithout .

powercanbe madewithoutconsiderablelossofa.ltitude.This

loss,fora turnof 180°’afterthepowerwascutoffin a steep —

climb,wasmeasuredwiththeFairchild.Thetestsweremade =..--

witht-hethreedifferentloadings,thepilotin eachcasemaking

theturninthemannerinwhichhe consideredthealtitudeloss

wouldbe theleast. Thealtituderequiredwasfrom250to 300

feet,thelowestvaluebeingwiththelighestloading.In COl’l- _:,.==.

sideration.ofthisfact,itWouldseeminadvisableeverto turn - ~’

backtowaxdthefieldin caseofcngin.cfailureduringtake-oft.

un>essan altitudeof at least400or 500feethasbeenatta~ned. —
.

Conclusions ~*

.1.Presentdayconventionalairplaneswillfallintoa spin (-

whena turnis attemptedin a stalledglide,iftheyhavesuffi-

cientlongitudinalcontrolactuallyto stallthem. .

2.EY@xcfailureduringtake-offwillnotof itselfcause ,,

lossof controlor particularlydangerousverticalvelocities. .

Thisconclusiondoesnotapply,however,to thefailureof one

wingengineon an airplanehavingtwoor moreengines.

3. Sinceallof theairplanestestedhadsatisfactory

stabilityandcontrolaftermotorfailurein a st-eepclimb,it -.

is likelythatseriousaccidentsfollowingcngincfailu.reduring ..

take-offaredueeitherto theairpl~est,rikingthegroundon .-:.,
onewingCanalitsnosewhilein ~ turn,or to theairplane %:

.
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startingintoa spinbecauseof an

glidefollowingthec&caefailure.

Note No. 363 13

attemptedturnin a stalled

4. Resesrchaimingto increasethesafetyof aircraft

shouldbq concentratedon thedevelopmentof satisfactory

lateralstabilityandcontrolthroughoutanglesof attackas

highas canbe attainedwiththelongitudinalcontrolsavailable.

LangleyMemorialAeronautic~Laboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,November24,1930.
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Fig.1Portableinstrumentboardoarriedbyobserver,containing
sensitivealtimeter,datasheetlandsixstopwatches,allof

whiohoanbe startedsimultaneouslybymeansofthemovablebeam
attheright.
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